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1. Description of sampling sites and sampling events 
The geographic location of the Kleine Nete catchment is shown in Fig. S1, and its geology 
along a North-South section is shown in Fig. S2. The superficial geology of the Kleine Nete 
catchment is shown in Fig. S3. The formations of Diest and Berchem are most notable for 
their high permeability and glauconite content. The map only shows the superficial 
formations, but since all formations are slightly tilted from South to North, the formations 
surfacing in the South are also present in the subsurface further North. A more detailed 
description of the Kleine Nete catchment and its geology are given by Vanlierde et al. (2007). 
The exact locations and pictures of the sampling sites are shown in Fig. S4 (sampling site in 
the Kleine Nete) and Fig. S5 (sampling site in the Aa, at the mouth of the Slootbeek). 
Table S1 lists the sampling events, the codes used in the manuscript, and the dates of 
sampling. Table S2 lists the weather conditions and river discharge during the days before 
sampling. The temperature and rainfall data were recorded in Herentals (N 51°10’; E 4°50’). 
Discharge data are derived from automated water level measurements at locations close to the 
sampling sites using known discharge (Q) – headloss (h) relationships. In autumn (S1) most 
samples were collected under rainy conditions but rainfall intensity was rather low. In winter 
(S2) there was some rainfall in the preceding week but not on the sampling dates. In spring 
(S3) all samples were collected under dry weather conditions. In summer (S4), heavy rainfall 
events occurred in the week prior to the samplings and on the day the river Aa was sampled.  
 
Figure S1: Location of the Kleine Nete catchment (from Vanlierde et al., 2007). 
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Figure S2: Geological cross-section of the Kleine Nete catchment along the line indicated in Fig. S1 
(from Vanlierde et al., 2007). 
 
Figure  S3: Superficial geology of the Kleine Nete catchment.
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Figure S4: The sampling location in the Kleine Nete near Grobbendonk. 
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Figure S5: The sampling site in the Aa near Poederlee, near the mouth of the Slootbeek. 
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Table S1: Sampling events and locations. 
Location Date sampled Code Remarks 
Kleine Nete 18/10/2011 S1 SS collected 26/10/2011 
N 51°11’35” E 4°45’26” 17/01/2012 S2  
 03/04/2012 S3  
 19/06/2012 S4  
 20/08/2012 extra sampling  
Aa + Slootbeek 20/10/2011 S1  
N 51°12’40” E 4°50’10” 10/01/2012 S2  
 19/03/2012 S3  
 11/06/2012 S4 SS collected 19/06/2012 
 20/08/2012 extra sampling  
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Table S2: Meteorological data and discharge in the days preceding the sampling events. Source: Hydronet surface water database 
(www.hydronet.be). 
Sampling Period Air temperature Rainfall Stream Discharge 
event dd/mm/yyyy hh:mm Mean Min Max Mean Max Sum  Mean Stdev Min Max 
 from until °C °C °C mm/h mm/h mm  m
3
/s m
3
/s m
3
/s m
3
/s 
S1 11/10/2011 00:00 19/10/2011 00:00 11.3 1.3 18.3 0.04 3.00 8.35 Kleine Nete 4.8 0.7 1.6 8.0 
S1 18/10/2011 09:00 18/10/2011 17:00 9.2 7.9 10.8 0.49 3.00 4.04 Kleine Nete 4.4 0.4 4.0 6.4 
S1 19/10/2011 00:00 27/10/2011 00:00 8.3 0.6 18.7 0.02 1.84 3.46 Kleine Nete 4.1 0.4 1.2 6.2 
S1 26/10/2011 09:00 26/10/2011 17:00 13.3 9.9 15.5 0.04 1.32 0.33 Kleine Nete 3.8 0.8 1.4 5.4 
S1 13/10/2011 00:00 21/10/2011 00:00 9.0 1.3 18.3 0.03 3.00 5.34 Aa 3.6 0.2 3.0 4.1 
S1 20/10/2011 09:00 20/10/2011 17:00 9.7 5.2 12.8 0.00 0.00 0.00 Aa 3.6 0.0 3.5 3.7 
              
S2 10/01/2012 00:00 18/01/2012 00:00 3.7 -3.8 10.2 0.01 1.84 0.91 Kleine Nete 3.2 1.8 0.3 6.4 
S2 17/01/2012 09:00 17/01/2012 17:00 3.6 -3.7 7.1 0.00 0.00 0.00 Kleine Nete 0.7 0.4 0.3 2.3 
S2 03/01/2012 00:00 11/01/2012 00:00 7.3 3.1 10.8 0.12 4.60 20.43 Aa 7.2 2.0 4.4 11.5 
S2 10/01/2012 09:00 10/01/2012 17:00 8.8 7.6 9.7 0.00 0.00 0.00 Aa 4.5 0.1 4.4 4.7 
              
S3 27/03/2012 00:00 04/04/2012 00:00 9.0 -1.3 21.2 0.00 0.00 0.00 Kleine Nete 3.6 0.4 1.6 5.7 
S3 03/04/2012 09:00 03/04/2012 17:00 15.5 9.5 18.9 0.00 0.00 0.00 Kleine Nete 3.4 0.2 3.2 3.6 
S3 12/03/2012 00:00 20/03/2012 00:00 8.6 0.1 21.0 0.00 1.88 0.50 Aa 2.3 0.1 2.0 2.6 
S3 19/03/2012 09:00 19/03/2012 17:00 11.0 5.5 13.3 0.00 0.00 0.00 Aa 2.1 0.0 2.1 2.1 
              
S4 12/06/2012 00:00 20/06/2012 00:00 15.7 7.0 24.0 0.18 26.28 29.98 Kleine Nete 4.3 2.5 0.0 8.3 
S4 19/06/2012 09:00 19/06/2012 17:00 20.8 18.6 24.0 0.00 0.00 0.00 Kleine Nete 1.1 0.1 1.1 1.3 
S4 04/06/2012 00:00 12/06/2012 00:00 14.7 4.4 23.3 0.27 22.44 45.00 Aa nm nm nm nm 
S4 11/06/2012 09:00 11/06/2012 17:00 16.6 12.6 21.1 1.59 21.08 13.13 Aa nm nm nm nm 
S4 12/06/2012 00:00 20/06/2012 00:00 15.7 7.0 24.0 0.18 26.28 29.98 Aa nm nm nm nm 
S4 19/06/2012 09:00 19/06/2012 17:00 20.8 18.6 24.0 0.00 0.00 0.00 Aa nm nm nm nm 
nm not measured
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2. Analytical measurements 
Composition of water samples 
The composition of the dissolved fraction of water samples was measured after filtration 
(nitrocellulose membrane filters, 0.45 µm pore size, 25 mm diameter, Whatman). The 
concentrations of Fe and other elements were measured with Inductively Coupled Plasma – 
Optical Emission Spectroscopy (ICP-OES) (Perkin Elmer Optima 3300 DV) after 
acidification to pH 1 with HNO3. Major anions were measured with ion chromatography 
(Dionex ICS2000 with AS15 column). The dissolved organic carbon (DOC) concentration 
was determined in an acidified subsample (HCl, pH 2) as the non-purgeable organic carbon 
(NPOC) by catalytic combustion and subsequent infrared detection of CO2, and the dissolved 
inorganic carbon (DIC) was measured by acidification and purging of the sample and 
subsequent infrared detection of CO2 (AnalytikJena Multi N/C 2100). The dissolved Fe(II) 
concentration was determined in an acidified subsample (HCl, pH 2) with the ferrozine 
method (Viollier et al., 2000). The dissolved Fe(III) concentrations were determined as the 
difference between total dissolved Fe and dissolved Fe(II). 
The concentration of suspended sediment in surface water samples was determined by passing 
duplicate subsamples of approximately 300 mL of surface water over pre-weighed filters 
(nitrocellulose membrane filters, 0.45 µm pore size, 47 mm diameter, Whatman). The filters 
were then dried (105 °C), weighed, and the amount of suspended sediment was calculated 
from the increase in mass. 
Elemental composition of solid samples 
The carbon (C) and nitrogen (N) content of oven-dry (65 °C) suspended sediment samples 
was measured in Sn cups by oxidative digestion at 900 °C and subsequent detection of the 
generated N2 and CO2 (CE Instruments, Elemental Analyser 1110). Other elements were 
measured after digestion in boiling aqua regia. Approximately 50 mg of oven-dry (105 °C) 
material was weighed and transferred to a glass tube, and 2 mL aqua regia (1.5 mL of HCl 
and 0.5 mL of HNO3) were added. The tubes were placed in a hot block at a temperature of 
140 °C for at least 2 hours until nearly all aqua regia had evaporated. After cooling down, the 
samples were diluted, and element concentrations were determined by ICP-OES. The 
elemental composition of suspended sediment samples was also determined by energy 
dispersive X-ray fluorescence (ED-XRF) spectroscopy. The freeze-dried samples were 
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analysed as a powder and as a pellet (in case sufficient material was available). Analyses were 
performed under He atmosphere. This method is conform EN 15309-2007: Characterization 
of waste and soil - Determination of elemental composition by X-ray fluorescence. 
The samples of authigenic material produced during the oxidation experiments were isolated 
on membrane filters. For these samples, the procedure was similar to the aqua regia digestion 
and ICP-OES measurement described above, except that 6 or 8 mL of aqua regia was added, 
and that the filter membrane was digested along with the material collected on it. The 
nitrocellulose filter membranes were completely dissolved in aqua regia. Digestions of 
unused filters were used as blanks. The C and N content of these samples was measured as 
described above. 
Particle size distribution 
The particle size distribution (PSD) of suspended sediment samples was estimated using laser 
diffraction (Malvern Mastersizer 2000 and Beckman LS 13 320) in accordance with ISO 
13320:2009. The measurement was performed on wet subsamples that were not previously 
freeze-dried. Particle sizes are reported as Px which is the x
th
 percentile of the measured 
volume based particle size distribution, expressed as a particle diameter (in µm) assuming 
spherical particles. 
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3. Oxidation experiments 
Storage of groundwater samples 
The storage of groundwater in the complete absence of oxygen was not possible, which 
caused oxidative loss of Fe(II) from groundwater samples before the oxidation experiments 
began. The HFO particles formed during this time were removed by filtration before the start 
of the experiment and did not interfere with the experiment. The oxidation during storage also 
caused a sharp decrease in P concentrations in groundwaters. In one sample, dissolved 
concentrations decreased from 28 to 15 mg Fe(II)/L and from 3 to < 0.03 mg P/L during 20 
hours of storage. Other samples exhibited similar but less pronounced trends. Most likely, P 
was incorporated into the first hydrous ferric oxide precipitates that were formed (Voegelin et 
al., 2010). At the start of the oxidation experiments, the Fe(II) and P concentrations in 
groundwater samples were, therefore, lower than those in the original groundwater sample, 
and the amount of particulate material collected during these experiments is an 
underestimation of the amount that could potentially be formed from the original groundwater 
samples. 
Oxidation rate of Fe(II) 
Table S3 lists all treatments included in the oxidation experiments. Table S4 lists the 
conditions in all oxidation experiments and the measured and predicted oxidation rates of 
Fe(II). The observed oxidation rate of Fe(II) was calculated by fitting an exponential function 
to the observed data of Fe(II) concentration versus time using a least-squares algorithm. The 
predicted oxidation rate was calculated from the formula 
     (  
 )       
where k1 is the predicted rate, k a rate constant of 2·10
13
 M
-2
 atm
-1
 min
-1
, (OH
-
) the activity of 
hydroxide ions which was calculated from the measured pH and from the self-ionisation 
constant of water at 15 °C, and pO2 the partial O2 pressure (Davison and Seed, 1983). The 
agreement between predicted and observed values is shown in Fig. S6. An agreement within a 
factor 2 may be considered reasonably good, because the error in predicting Fe(II) oxidation 
rates is generally of this order (Davison and Seed, 1983).  
The treatments with unfiltered water samples (treatments E—G) were included in order to test 
the effect of the presence of particles and micro-organisms on the formation of authigenic 
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material. The removal of particles caused a reduced oxidation rate: the oxidation rate of Fe(II) 
in treatment E, i.e. a mix of unfiltered groundwater and surface water, was about 60 % faster 
than that in the corresponding treatment with prefiltered groundwater and surface water 
(treatment C; see Table S4). However, the difference between the oxidation rates is below the 
general uncertainty in Fe(II) oxidation rates of a factor two. The oxidation of Fe(II) in 
treatments amended with formalin, a biological poison, was approximately 20 % slower than 
that in the corresponding control treatments. Micro-organisms accelerated the oxidation rate 
of Fe(II) to some extent, but, again, the effect was small compared to the general uncertainty 
on the rate of Fe(II) oxidation. In the circumneutral waters of the Kleine Nete basin, the 
chemical oxidation of Fe(II) likely is quantitatively the most important process, whereas the 
microbial oxidation of Fe(II) plays a smaller role. 
Formation of authigenic material 
Table S5 lists details for the oxidation experiments with prefiltered water samples (treatments 
A—D), including the evolution of particulate and dissolved concentrations at different 
oxidation times. After an oxidation time of 0 h, a small amount of particulate material was 
already recovered, which is attributed to 1) the difference in filter pore size of the prefilter and 
the membrane filter used for collecting particulates (even though both had nominal pore sizes 
of 0.45 µm); and 2) the formation of particles during the time between the prefiltration and 
the start of the oxidation experiments, which never lasted more than one hour. 
The average Fe concentration in authigenic material was calculated across all treatments A, C, 
and D; treatments B (only surface water) were excluded because little or no oxidation of 
Fe(II) took place in such treatments and these values therefore are not representative of 
freshly formed authigenic material. The average Fe concentration in authigenic material was 
44 ± 6 % (average ± standard deviation). Apart from Fe, the dissolved and particulate 
concentrations of other constituents of the authigenic material are also shown (Ca, P, and 
organic C). 
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Table S3: Treatments included in the oxidation experiments. This table is also in the 
main manuscript but is repeated here for easy reference. 
Code Prefiltration Treatment 
A yes Only groundwater 
B yes Only surface water 
C yes 1:1 mix of groundwater + surface water 
D yes Surface water spiked with Fe(II) 
E no 1:1 mix of groundwater + surface water 
F no Surface water spiked with Fe(II) 
G no Surface water spiked with Fe(II) and formalin 
 
 
 
Figure S6: Predicted versus observed oxidation rates of Fe(II) in the oxidation 
experiments. The dashed lines represent a factor two difference between predicted and 
observed values. Three experiments with an initial Fe(II) concentration below 3 mg/L 
are shown with a cross (X). They do not follow the observed trend; the reason for this is 
not clear. 
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Table S4: Overview of all oxidation experiments and the observed and predicted oxidation rates of Fe(II) 
Sampling Sample Treatment Nr. of Timespan Fe(II)-ini pH DO obs. rate t1/2-obs pred. rate 
event  code observations h mg/L  mg/L h
-1
 h h
-1
 
S2 Aa A 3x1 48 53.1 6.38 3.6 0.025 27.2 0.017 
 Aa C 3x1 48 27.0 6.48 6.3 0.075 9.2 0.044 
 Kleine Nete A 4x1 24 5.6 6.78 6.8 0.096 7.2 0.197 
 Kleine Nete C 4x1 24 2.8 6.98 8.8 0.164 4.2 0.648 
 Kleine Nete D 3x1 8 10.1 6.70 10.0 0.275 2.5 0.200 
           
S3 Aa A 7x2 70 14.2 6.45 7.0 0.044 15.8 0.044 
 Aa C 7x2 70 6.9 6.69 8.6 0.084 8.3 0.159 
 Aa D 4x2 6 5.5 7.00 9.6 0.501 1.4 0.758 
 Aa D 4x2 6 41.3 6.49 7.8 0.137 5.1 0.057 
 Aa D 3x2 48 11.8 6.13 8.5 0.021 32.5 0.012 
 Aa E 6x2 48 7.6 6.68 8.1 0.136 5.1 0.143 
 Kleine Nete A 4x2 44 1.6 7.11 7.5 0.164 4.2 0.986 
 Kleine Nete C 5x2 45 0.6 7.23 8.9 0.179 3.9 1.985 
 Kleine Nete D 5x2 45 6.9 6.77 9.7 0.193 3.6 0.265 
           
S4 Aa A 8x2 72 26.1 6.60 5.7 0.063 10.9 0.073 
 Aa D 5x2 7 4.9 6.86 6.1 0.791 0.9 0.255 
 Kleine Nete A 7x2 48 4.7 6.83 6.1 0.168 4.1 0.216 
 Kleine Nete D 4x2 6 4.1 6.72 9.5 0.435 1.6 0.202 
           
Extra sampling Kleine Nete F 5x2 22 5.2 6.75 7.7 1.093 0.6 0.436 
 Kleine Nete G 5x2 22 5.9 6.74 7.7 0.923 1.4 0.414 
 Slootbeek F 5x2 22 4.8 6.62 8.0 0.508 0.8 0.256 
 Slootbeek G 5x2 22 5.8 6.61 8.1 0.386 1.8 0.242 
Treatment code: see Table S3;   Nr. of observations: amount of sampling times x amount of replicates;   Timespan: time between the first and last sampling times that were included in the fit;   Fe(II)-ini: Fe(II) 
concentration at the first sampling time included in the fit;   DO: dissolved oxygen concentration;   rate-obs: observed oxidation rate of Fe(II);   t1/2-obs: observed half-life;   rate-pred: predicted oxidation rate 
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Table S5: The evolution of total particulate concentrations and particulate and dissolved 
concentrations of Fe, Ca, P, and OC during the oxidation experiments (prefiltered treatments, A—D). 
The total Fe (final column) is the sum of particulate and dissolved Fe, and ideally should remain 
constant throughout each experiment. A missing value means no measurement is available. 
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Total 
       Total Fe Fe Ca P C        Fe(II) Fe(III) Ca P# DOC        Fe 
 mg/L mg/L % % % %  mg/L mg/L mg/L mg/L mg/L  mg/L 
S2 Aa A 0  8.6 2.90 34 3.5 10.4   53.10 0.00 76.4 0.89 13.7  56.00 
   30  67.0 24.21 36 1.2 1.6   23.70 0.00 76.7 0.00 10.9  47.91 
   48*  81.5 30.43 37 1.1 1.4 5.4  16.51 0.00 77.0 0.00 12.0  46.94 
  B 0  2.2 0.61 28     0.37 0.73 41.8 0.06 13.0  1.71 
   30  3.7 0.71 19     0.31 0.65 41.3 0.06 12.9  1.66 
  C 0  5.4 1.76 33 3.0 9.0   26.74 0.37 59.1 0.48 13.4  28.86 
   30  55.4 20.90 38 1.2 1.2   2.86 0.00 59.1 0.00 10.0  23.76 
   48*  58.5 21.61 37 1.0 1.1   0.68 0.33 59.0 0.00 10.2  22.62 
  D 0  2.2 0.61 28     10.37 0.73 41.8 0.06 13.0  11.71 
   30  23.7 8.01 34     0.49 2.92 41.2 0.02 11.6  11.43 
                   
S2 Kleine A 0  7.2 3.05 42 1.1 2.5   5.90 1.53 35.7 0.13 11.7  10.48 
 Nete  5  14.4 5.56 39 0.9 2.0   3.48 1.76 35.5 0.11   10.80 
   24  14.4 7.25 50 0.9 1.6   0.72 2.82 35.2 0.10   10.79 
   55  18.5 8.06 44 0.9 1.3   0.50 3.33 35.1 0.11   11.89 
  B 0  2.5 0.86 35     0.08 0.70 34.7 0.04 9.3  1.65 
   9  2.7 0.74 27     0.08 0.70 35.2 0.04   1.52 
   55  2.1 1.03 50     0.10 0.67 34.7 0.04   1.80 
  C 0  4.8 2.0 40 1.0 2.3   2.99 1.12 35.2 0.09 10.5  6.07 
   2  6.5 2.80 43 0.4 2.1          
   5  7.8 3.42 44 0.8 1.7   1.59 2.21 35.1 0.10 10.1  7.22 
   7  8.7 3.60 41 0.4 1.6          
   9  10.2 3.77 37 0.1 1.5   0.79 2.45 35.1 0.09 9.8  7.01 
   24   3.71      0.32 2.36 34.7 0.08 9.3  6.40 
   55  10.0 4.91 49 1.1 1.7   0.30 2.09 34.8 0.07 9.4  7.29 
  D 0  2.5 0.86 35     10.08 0.70 34.7 0.04 9.3  11.65 
   5  11.9 5.23 44     2.80 3.32 34.9 0.01   11.35 
   9  16.4 6.98 43     0.85 2.76 34.5 0.00   10.59 
   24  17.2 9.47 55     0.07 0.85 34.5 0.00   10.39 
   55  18.9 10.20 54     0.03 0.21 34.7 0.01   10.44 
* Sample used in EXAFS analysis 
# The detection limit of P is about 0.03 mg/L 
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Table S5 (continued) 
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 Total Fe Fe  Fe(II) Fe(III) Ca P DOC  Fe 
       mg/L mg/L %        mg/L mg/L mg/L mg/L mg/L        mg/L 
S3 Aa A 0   3.05   15.05 0.00 43.9 0.02 10.3  18.10 
   25   6.44   5.90 1.87 42.0 0.00   14.21 
   70   15.96   0.30 0.90 41.8 0.00 8.1  17.16 
  B 0   0.30   0.08 0.13 47.2 0.02 8.9  0.50 
   25   0.41   0.09 0.05 48.1 0.01 8.7  0.55 
  C 0   1.68   7.56 0.06 45.6 0.02 9.6  9.30 
   25   7.18   0.84 1.18 45.5 0.00   9.20 
   70   8.52   0.29 1.06 44.0 0.00 8.4  9.87 
  D 0   0.30   10.08 0.13 47.2 0.02 8.9  10.50 
   25   8.56   0.04 0.00 49.3 0.00   8.60 
   70   8.36   0.01 0.03 48.1 0.00 7.9  8.40 
  D 0   0.30   50.08 0.13 47.2 0.02 8.9  50.50 
   25   34.59   11.75 1.20 51.6 0.00   47.54 
   70   30.70   4.25 0.67 47.5 0.00 5.6  35.62 
                
S3 Kleine A 0   0.32   1.62 0.05 35.4 0.01 5.7  1.99 
 Nete  23  3.2 1.36 42  0.08 0.54 35.9 0.01 5.1  1.97 
  B 0   0.28   0.03 0.07 31.1 0.01 5.6  0.38 
   23  1.6 0.28 17  0.02 0.07 31.8 0.01 5.4  0.37 
  C 0   0.30   0.83 0.06 33.2 0.01 5.6  1.19 
   23  2.1 0.69 34  0.05 0.02 34.7 0.01 5.1  0.76 
  D 0   0.28   10.03 0.07 31.1 0.01 5.6  10.38 
   23  19.2 10.06 52  0.10 0.45 32.2 0.01 4.5  10.61 
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Table S5 (continued) 
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Dissolved 
    
Total 
 Total Fe Fe Ca P  Fe(II) Fe(III) Ca P DOC  Fe 
 mg/L mg/L % % %  mg/L mg/L mg/L mg/L mg/L  mg/L 
S4 Aa A 0        26.72 0.00 57.0 0.26 12.1   
   24  38.7 17.76 46 0.9 1.0  6.58 0.00 55.6 0.00 9.5  24.34 
   48  47.9 22.58 47 1.1 0.8  0.67 0.11 56.6 0.00 8.6  23.36 
  C 0        13.38 0.60 51.5 0.17 11.7   
   24  29.5 13.84 47 0.9 0.8        13.84 
   48  31.5 14.81 47 1.1 0.8        14.81 
                  
S4 Kleine A 0        5.33 0.00 32.7 0.03 8.4   
 Nete  24  7.3 3.37 46    0.31 2.97 32.6 0.02   6.65 
   48  8.2      0.33 2.81 32.1 0.02    
  C 24  7.3 3.31 45          3.31 
   48  6.8             
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4. Additional analysis of EXAFS spectra 
Pre-peak analysis of EXAFS spectra 
An analysis of the pre-peak region of Fe EXAFS spectra allows to roughly estimate the 
Fe(II):Fe(III) ratio in a sample (Kleja et al., 2012; Prietzel et al., 2007). A pre-peak feature is 
observed with a maximum around 7111.5 eV for Fe(II), which is about 2 eV lower than for 
Fe(III). The background in this region was modelled with a spline. The background was then 
subtracted from the EXAFS spectra, and the resulting pre-edge spectra were normalised and 
compared to those of a Fe(II)SO4·7H2O salt, a Fe(III)(NO3)3·9H2O salt, and ferrihydrite 
(Fig. S7). The maximum of the pre-peak feature in all samples occurred at the same or 
slightly higher energy compared to that of ferrihydrite and Fe(III)(NO3)3·9H2O. This 
indicated that Fe(III) was the dominant redox species in all samples, although the presence of 
small quantities of Fe(II) cannot be excluded using this method. 
 
 
Figure S7: Pre-edge analysis of Fe EXAFS spectra. The pre-edge feature occurs in all 
samples at about the same energy as that of a Fe(III) salt and ferrihydrite, indicating 
that Fe(III) is the dominant redox species. 
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Linear combination fitting of EXAFS spectra 
The optimal LCF fits (Table S6) showed that ferrihydrite was the most important constituent 
in all samples. Between 8 and 26 % of Fe-SRNOM complexes were included in the fits. 
Smaller contributions of lepidocrocite (4—15 %) and virtually no contribution of goethite 
were fitted. The fact that self-absorption occurred in the samples but not in the standards may 
to some extent affect the results and increases the uncertainty associated with the LCF 
analysis. 
Table S6: The relative contribution of each standard to the EXAFS spectra of authigenic 
material and of suspended sediment from rivers of increasing order . 
 Ferrihydrite Goethite Fe-SRNOM Lepidocrocite 
Authigenic tr A 0.67 0.00 0.26 0.07 
Authigenic tr C 0.82 0.00 0.14 0.04 
Slootbeek SS 0.82 0.01 0.08 0.08 
Aa SS 0.79 0.00 0.13 0.08 
Kleine Nete SS 0.71 0.02 0.12 0.15 
 
The large contribution of ferrihydrite in all samples is in agreement with the results of the 
EXAFS modelling. However, the contribution of Fe-SRNOM complexes is in contradiction 
with the fact that no Fe—C distances could be included in the EXAFS modelling (see 
manuscript). Sjöstedt et al. (2013) also noted that LCF predictions of organically complexed 
Fe were surprisingly high compared to conventional EXAFS modelling. Our LCF results are 
in contradiction with a generic estimate of Fe binding by organic matter (Lofts et al., 2008): 
around pH 7, around 2 mg Fe is expected to be complexed by 1 g of DOM. Assuming the 
authigenic samples contain 10 % organic matter (a relatively high estimate) only 0.05 % of 
the Fe in these samples could be in the form of organic complexes. Furthermore, Karlsson & 
Persson (2012) showed Fe—Fe distances in samples with 23 mg Fe/g DOM at pH 6.2, which 
indicates that the capacity of organic matter to complex Fe had been exceeded. Under the 
assumption of 10 % organic matter in the authigenic samples, this shows that less than 0.6 % 
of the Fe in these samples could be organically complexed. Since the LCF predicts 
organically complexed Fe fractions that exceed these predictions by more than an order of 
magnitude, it is unlikely that the LCF results correctly represent the amount of Fe-SRNOM 
complexes in the samples. A possible reason for this discrepancy is that the selection of LCF 
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standards did not accurately reflect the exact Fe species present in the samples. It may also be 
due to the self-absorption effects which occurred in the samples during measurement of the 
spectra. The main conclusion of the EXAFS measurements is, however, the same for the 
conventional EXAFS modelling and for the LCF analysis: the Fe is predominantly present as 
poorly crystalline oxyhydroxides. 
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